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Summary Evidence that childhood adversities are risk factors for psychosis has 
accumulated rapidly. Research into the mechanisms underlying these relationships has 
focused, productively, on psychological processes, including cognition, attachment and 
dissociation. In 2001, the traumagenic neurodevelopmental model sought to integrate 
biological and psychological research by highlighting the similarities between the structural 
and functional abnormalities in the brains of abused children and adults diagnosed with 
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Practice points
  Multiple studies and reviews have found a causal relationship between childhood trauma/adversity and 
psychosis.
  The 2001 traumagenic neurodevelopmental model of psychosis identified similarities in the brains of 
traumatized children and adults diagnosed with schizophrenia.
  Subsequently, 125 publications have provided indirect support for, or direct confirmation of, the traumagenic 
neurodevelopmental model.
  Many studies have now demonstrated the relationship between psychosis and over-reactivity to stress of the 
hypothalamic–pituitary–adrenal axis and the dopaminergic system.
  Studies of the frontal lobes and hippocampus also support the traumagenic neurodevelopmental model.
  Two lines of evidence link prior stress and brain alterations to cognitive deficits in individuals diagnosed with 
psychotic disorders.
  Clinical implications include the need to routinely take trauma/neglect/loss histories from all users of mental 
health services.
  The primary prevention implications are profound.
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‘schizophrenia’. No review of relevant literature has subsequently been published. The 
aim of this paper, therefore, is to summarize the literature on biological mechanisms 
underlying the relationship between childhood trauma and psychosis published since 2001. 
A comprehensive search for relevant papers was undertaken via Medline, PubMed and 
psycINFO. In total, 125 papers were identified, with a range of methodologies, and provided 
both indirect support for and direct confirmation of the traumagenic neurodevelopmental 
model. Integrating our growing understanding of the biological sequelae of early adversity 
with our knowledge of the psychological processes linking early adversity to psychosis is 
valuable both theoretically and clinically.
Childhood adversity plays a causal role in most 
mental health problems in childhood (e.g., con-
duct disorder, ADHD and oppositional defi-
ant disorder) and in adulthood (e.g., depres-
sion, anxiety disorders, eating disorders, sexual 
dysfunction, personality disorder, dissociative 
disorder, post-traumatic stress disorder and sub-
stance misuse) [1,2]. Although researchers have 
been slower to consider the relationship of child-
hood adversities to psychosis [2], this has changed 
dramatically in recent years. Numerous reviews 
of this rapidly expanding body of research have 
been published [3–13], along with two books 
[14,15]. A recent meta-ana lysis found that people 
who had suffered childhood adversity were sig-
nificantly more likely to develop psychosis than 
those who had not [13]. The meta-ana lysis also 
found a dose-response relationship in nine of the 
ten studies that tested for it. For example, a UK 
survey of 8580 individuals found that those sub-
jected to two types of adversity (e.g., sexual abuse 
and bullying) were five-times more likely to be 
diagnosed with a psychotic disorder compared 
with 30-times more likely for three adversities 
[16]. A prospective study found (after control-
ling for multiple factors including a family his-
tory of psychosis) that adults abused as children 
were 9.3-times more likely to have ‘pathology-
level psychosis’. The odds ratios for ‘mild’ and 
‘severe’ abuse were 2.0 and 48.4, respectively [17]. 
Many other studies, using various methodolo-
gies [9–12], including qualitative interviews [18,19], 
have produced results consistent with the meta-
ana lysis. Even within samples diagnosed psy-
chotic or ‘schizophrenic’, child abuse is related 
to poor premorbid functioning, poor cognitive 
and intellectual functioning (including IQ, 
semantic fluency, visual recall and visuospatial 
working memory), substance abuse, unemploy-
ment, stigma, social withdrawal, anger (at self 
and others), anxiety, depression, suicidality, poor 
engagement with services, and low satisfaction 
with diagnosis and treatment [20–25]. Other fac-
tors that have been found to be significant risk 
factors for psychosis include mother’s health, 
nutrition and stress during pregnancy, being the 
product of an unwanted pregnancy, early loss of 
parents via death or abandonment, separation 
of parents, witnessing interparental violence, 
dysfunctional parenting (often intergenera-
tional), war trauma, rape or physical assaults as 
an adult, racial or other forms of discrimination, 
heavy marijuana use in early adolescence, and 
poverty [12,14,15,26–28]. 
Researchers are now investigating the various 
processes by which childhood adversities may 
lead to symptoms of psychosis later in life. These 
include attachment, dissociation, dysfunctional 
cognitive processes, psychodynamic defenses, 
problematic coping responses, impaired access 
to social support, behavioral sensitization and 
revictimization [3,8,10–12,14,15,27]. While most of 
these approaches focus on psychological mech-
anisms, the traumagenic neurodevelopmental 
model [29], which like all other models is only a 
partial explanation of the link between trauma 
and psychosis, attempts to integrate biological 
and psychological processes. The model pro-
poses that the heightened sensitivity to stress 
consistently found in people diagnosed with 
psychotic disorders including schizophrenia 
originates, for many patients, in neurodevelop-
mental changes to the brain caused by trauma in 
the early years. When the model was proposed, 
during 2001, the evidence available at that time 
was that the differences between the brains of 
individuals diagnosed with schizophrenia and 
the brains of normal adults (often cited to sup-
port the brain disease hypothesis) are the same 
differences found between children who have, 
and have not, been traumatized. These include 
overactivity of the hypothalamic–adrenal–pitu-
itary (HPA) axis, dopamine, serotonin and nor-
epinephrine abnormalities, and structural dif-
ferences such as hippocampal damage, cerebral 
atrophy, ventricular enlargements and reversed 
cerebral asymmetry. The 2001 paper also sum-
marized research linking abuse and neglect to 
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those psychological deficits in childhood, such as 
reduced intellectual and cognitive functioning, 
that are sometimes interpreted as early signs of 
schizophrenia rather than as the result of adverse 
events in childhood [29]. However, the main 
hypothesis of the traumagenic neurodevelop-
mental model was that the heightened sensitiv-
ity to stress, evidenced by dysregulation of stress 
regulation mechanisms, is not necessarily inher-
ited, but can be caused by childhood trauma and 
neglect. Currently, no review of relevant human 
and animal studies that have accumulated since 
2001 has been published.
Methods
The current paper summarizes the research rel-
evant to the traumagenic neurodevelopmental 
model published since 2001 and elaborates on 
the biological mechanisms that may underpin 
the relationship between childhood adversity 
and symptoms of psychosis later in life. To 
identify studies that had addressed or developed 
the traumagenic neurodevelopmental perspec-
tive multiple searches of Medline, PubMed and 
psycINFO were conducted by entering mul-
tiple combinations of the following: ‘psychosis’, 
‘schizophrenia’, ‘trauma’, ‘stress’, ‘adversity’, 
‘maltreatment’, ‘child abuse’, ‘child neglect’, 
‘traumagenic neurodevelopmental’, ‘HPA axis’, 
‘hypothalamus’, ‘paraventricular’, ‘pituitary’, 
‘adrenal’, ‘frontal cortex’, ‘frontal lobes’, ‘pre-
frontal cortex’, ‘anterior cingulate’, ‘temporal 
lobes’, ‘hippocampus’, ‘hippocampal’, ‘dopa-
mine’, ‘striatum’, ‘nucleus accumbens’, ‘ventral 
tegmental area’, ‘ventral tegmentum’, ‘cortisol’, 
‘corticotrophin releasing hormone’, ‘glucocorti-
coid receptor’, ‘adrenocorticotrophin releasing 
hormone’, ‘GABA’, ‘parvalbumin’, ‘GAD67’, 
‘brain derived neurotrophic factor’, ‘BDNF’, 
‘gene expression’, ‘mRNA expression’, ‘neuro-
cognitive’, ‘cognitive deficits’, ‘cognitive dysfunc-
tion’ and ‘cognitive impairment’. The bibliogra-
phies of review papers and research studies were 
inspected to increase detection. The search pro-
duced 125 papers assessed as relevant to the task 
of updating and elaborating on the traumagenic 
neurodevelopmental model [30–154].
Results
 Heightened responsivity to stressors in 
psychosis
In the general population, exposure to stress-
ful life events, including childhood adversi-
ties, increases emotional reactivity to everyday 
experiences [31,32]. McLaughlin et al. found an 
association between child adversities and a com-
bination of increased stress reactivity and the 
development of anxiety and depression [33]. Dose 
response associations have also been reported 
[34]. Biologically, early-life stress is associated 
with increased HPA axis responses and with 
striatal dopamine activation to later life stress, 
in both rodents and humans [35–37]. 
Three studies provide direct evidence that 
social adversities lead to increased reactivity to 
stress in adult psychotic patients. Myin-Germeys 
et al. found that stressful life events during the 
past year were associated with increased nega-
tive, and decreased positive, emotional reactions 
to minor stressors [38]. Lardinois et al. reported 
that high levels of childhood trauma increased 
emotional reactivity and psychotic reactions (in 
thought and perception) to small daily stress-
ors [39]. Lataster et al., in a prospective study of 
over 3000 adolescents, found that both child-
hood and recent adversity were associated with 
increased psychotic symptoms and psychotic 
impairments (defined as either social dysfunc-
tion or seeking help for symptoms of psycho-
sis) [40]. Furthermore, an interaction effect was 
observed between early adversity, recent adver-
sity and psychosis, with an adjusted odds ratio 
of 4.1 for symptoms of psychosis and 6.4 for 
psychotic impairments. The authors concluded 
that the association between recent adversity 
and psychotic symptoms was much stronger in 
individuals exposed to early adversity compared 
with those who were not. A 2008 review of the 
neurobiological mechanisms underlying psycho-
sis concluded that “A heuristically useful frame-
work to study the underlying mechanisms is the 
concept of ‘behavioral sensitization’ that stipu-
lates that exposure to psychosocial stress – such 
as life events, childhood trauma, or discrimina-
tory experiences – may progressively increase the 
behavioral and biological response to subsequent 
exposures” [30].
 Studies demonstrating HPA dysregulation 
in psychosis
HPA axis
Many studies have now demonstrated the rela-
tionship between psychosis and over-reactivity 
to stress of the HPA axis and the dopaminergic 
system [11,30]. Table 1 summarizes the literature.
Since 2001, research in animals and humans 
has shown that severe early social adversity can 
induce a cascade of long-term disturbances in 
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the HPA axis. Among the component processes 
involved are: initially increased diurnal levels 
of cortisol, which may later change to reduced 
levels; increased reactivity to both the admin-
istration of cortisol and exposure to stress; and 
increased hypothalamic production of cortico-
trophin-releasing hormone (CRH) [41,42]. Other 
consequences include CRH receptor downregu-
lation in the years following trauma [43,44] and a 
series of changes in the hypothalamic paraven-
tricular nucleus at the heart of the HPA axis, 
such as increased number of excitatory and 
inhibitory synapses on CRH neurons and upreg-
ulated CRH gene expression [45,46]. Changes in 
the pituitary observed following enduring early-
life stress include increased size during adoles-
cence and reduced connections between cells 
sensitive to stress hormones, in addition to an 
initial increase in reactivity to stress hormones 
followed by decreased reactivity [47]. 
Reported changes in the HPA axis in psycho-
sis include increased volume of the paraventricu-
lar hypothalamic nucleus, which correlates with 
anxiety level [48,49]. The normal, dynamic devel-
opment of the pituitary appears to be altered, 
with increased size prior to psychosis onset, and 
reduced size in chronic psychotic conditions, 
compared with normal groups [50–53], although 
not all studies have reported this [54]. In groups 
of psychotic patients, an inverse association has 
been reported between illness duration and 
pituitary volume [55,56], but, again, inconsistent 
findings exist [57,58]. 
Changes in baseline diurnal levels of cortisol, 
often elevations, have been reported in psychosis 
[59,60], which may precede psychosis onset [61]. A 
positive correlation has been reported between 
cortisol levels and ratings of positive, disorga-
nized, and overall psychotic symptom severity 
[62]. In an explicit test of the traumagenic neu-
rodevelopmental model, Braehler et al. found 
that within a sample of patients diagnosed with 
schizophrenia, those abused as children (particu-
larly those emotionally abused) had greater HPA 
axis dysregulation, measured by cortisol levels, 
compared with their nonabused counterparts 
[63]. Significant associations have been reported 
between the cortisol awakening response and 
both inadequate early-life paternal parenting and 
childhood sexual abuse in first-episode psycho-
sis [60,64] and severity of positive symptoms of 
‘schizophrenia’ [65]. 
Furthermore, these studies of differences 
within psychosis samples suggest that the T
ab
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relationship between trauma and psychosis, and 
the mechanisms we propose for explaining that 
relationship, cannot be attributed to the fact that 
psychosis itself can be traumatizing. 
Frontal lobes
The frontal lobes are highly sensitive to stress, 
which can lead to structural changes that have 
implications for frontal–cortical HPA axis regu-
lation [66]. Animal studies indicate that structural 
changes following severe stress include apical den-
dritic retraction and debranching, and reduced 
volume in ventral and medial prefrontal cortex 
and the anterior cingulate [42,67,68]. Furthermore, 
human studies have found gray matter volume 
losses in the frontal lobes in adults exposed to 
child adversities, most prominently in the dor-
solateral and medial prefrontal and orbitofrontal 
regions and in the anterior cingulate [69,70]. Early-
life stress has been shown to decrease glucocor-
ticoid receptor (GR) mRNA expression in the 
frontal cortex in rodents and primates, includ-
ing the dorsolateral prefrontal region in pri-
mates [71–73], which is associated with impaired 
inhibitory HPA feedback regulation [72].
Gray matter volume loss is observed in wide-
spread areas of the frontal/prefrontal regions 
in psychosis, including middle frontal gyrus, 
inferior frontal regions, anterior cingulate, and 
orbitofrontal and dorsolateral prefrontal cortices 
[74–77]. A recent study of child abuse, in which 
individuals diagnosed with psychotic disorders 
had significantly higher rates of sexual abuse, 
physical abuse, emotional abuse and physical 
neglect [78], reported that prefrontal cortical 
volume loss was significantly correlated with 
sexual abuse, but not with other forms of abuse 
or neglect. Moreover, the reduced gray matter 
volume was found only in patients who had been 
sexually abused and not in patients who had 
not been sexually abused or in a healthy control 
group. A post-mortem study of patients with a 
schizophrenia diagnosis found a significant 
decrease in GR mRNA expression in the dorso-
lateral prefrontal cortex [79,80]. In this diagnos-
tic group, dendritic pathology consistent with 
stress-induced changes has been found in the 
prefrontal cortex (in deep layer 3 pyramidal cells 
in the dorsolateral prefrontal cortex – reduced 
dendritic spine density; in the anterior cingulate 
– altered density, size and shape of pyramidal 
cells and interneurons) [81–83]. 
Certain classes of GABA interneurons are 
altered in individuals with psychosis, in particular 
reduced density in the anterior cingulate and 
reduced activity in the dorsolateral prefrontal 
cortex in the subpopulation expressing parvalbu-
min [84–86]. The interneuron changes are thought 
to lead to aberrant cortical g-oscillations and 
compromised cognitive functions [87]. Reduced 
expression of GAD67, the main GABA-synthe-
sizing enzyme in the brain, appears to contribute 
to altered interneuron activity in psychosis [86,87]. 
Preclinical studies have suggested that oxidative 
stress may be a proximate cause to these changes 
[88]. A more basic cause may be severe psychoso-
cial stress, which in preclinical studies has been 
found both to alter GAD67 expression in a vari-
ety of HPA axis-regulating regions, including 
the prefrontal cortex [89,90], and increase oxida-
tive stress in cortical parvalbumin-containing 
interneurons [91].
Hippocampus
Hippocampal structural changes are one of the 
most frequent brain abnormalities found in indi-
viduals diagnosed with schizophrenia, having 
first been reported more than 30 years ago [92,93]. 
The hippocampus is essential for explicit mem-
ory functioning and hippocampal abnormalities 
have been associated with memory disturbances 
in individuals diagnosed with schizophrenia 
[94,95]. Diminished hippocampal volume has 
also been associated with child maltreatment.
Hippocampal volume reduction, particularly 
on the left side, is consistently found in adult 
victims of childhood maltreatment and may 
include all hippocampal subfields [96]. Teicher 
et al. observed that, in animal studies, the most 
affected subfields were those found to be par-
ticularly sensitive to glucocorticoids, the CA4 
dentate gyrus and CA3–CA2 [96]. In the Tei-
cher study, volume reductions were also observed 
in other subfields, including the CA1 and the 
adjacent subiculum, the latter central to the 
hippocampal regulation of the HPA axis and the 
dopamine system response to stress. Teicher and 
colleagues concluded that “Childhood maltreat-
ment increases risk for an array of psychiatric 
disorders and is associated with an earlier age of 
onset, more severe course, and poorer response 
to treatment. This is likely attributable, at least 
in part, to early stress-induced alterations in 
trajectories of brain development … Childhood 
maltreatment or abuse is a major risk factor for 
mood, anxiety, substance abuse, psychotic, and 
personality disorders, and it is associated with 
reduced adult hippocampal volume” [96].
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Translational studies suggest that detailed 
stress-induced changes include atrophy of 
excitatory apical dendrites on pyramidal cells 
and affected synaptic connections that include 
perturbed NMDA-dependent synaptic plastic-
ity [97–100]. Moreover, parvalbumin-containing 
interneurons are reported to be altered in several 
hippocampal subfields following enduring stress 
[89,101], which is indicated to be mediated by GR 
activation [102]. Reduced levels of GR mRNA 
expression are seen in all hippocampal subfields 
[73,102], which may be central to impaired HPA 
inhibitory regulation and mediated by epigenetic 
modifications [104].
Both in vivo and post-mortem studies of 
patients diagnosed with schizophrenia indicate 
reduced hippocampal volume, particularly on 
the left side, that may progress with time after 
psychosis onset [105,106]. In this population, 
decreased (left) hippocampal volume is associ-
ated with childhood adversity [107], as well as 
with increased emotional stress reactivity [108] 
and diurnal cortisol levels [109]. Furthermore, 
psychotic samples also demonstrate increased 
regional blood f low in the hippocampus in 
response to exogenous cortisol administration 
[110]. Less is known about relative changes in the 
various hippocampal subfields; although some 
studies emphasize the anterior parts, CA1 and 
the densely interconnected subiculum [111,112]. 
Post-mortem studies of individuals with a schizo-
phrenia diagnosis find decreased GR mRNA 
expression throughout all hippocampal subfields 
[80,113]. Dendritic pathology consistent with 
stress-induced changes has been found in the 
hippocampal formation, with decreased number 
of apical dendrite spines/spine density in subic-
ular internal pyramidal neurons [105]. Altered 
parvalbumin-containing interneuron activity 
has been reported in several subfields [114,115]. 
See Table 1 for a summary of this literature.
Other evidence
BDNF
BDNF has well-established actions in brain 
development and plasticity [116]. Considerable 
evidence suggests that severe stress reduces the 
expression of BDNF and excessive glucocorti-
coids interfere with BDNF signaling [117]. Rodent 
studies indicate that the mechanism mediating 
early-life stress and BDNF reductions includes 
reduced BDNF gene activity, observed in the 
prefrontal cortex, hippocampus and amygdala, 
effectuated by changed epigenetic marking [118].
In both drug-naive and medicated patients 
with a schizophrenia diagnosis, most studies 
point to decreased plasma and serum BDNF 
concentrations compared with healthy con-
trols, with the possible exception of paranoid 
schizophrenia [119]. At the onset of psychosis, 
low serum BDNF levels have been observed to 
be associated with smaller hippocampal volume 
[119], which in turn is associated with trauma, as 
noted above. The association between trauma 
exposure, altered BDNF levels and psychosis 
was recently studied in 74 first-episode patients 
[120]. Serum BDNF levels were associated with 
both cumulative trauma and symptoms of psy-
chosis, and mediated the link between trauma 
and total scores on the Positive and Negative 
Syndrome Scale. 
Mesocorticolimbic dopamine system
Evidence has continued to accumulate in the last 
decade that early-life stress alters activity and 
increases sensitivity, in the mesocorticolimbic 
dopamine system [121–123]. Enduring stress early 
in life is associated with increased dopamine 
release in the striatum in response to stress later 
in life in both rodents [124] and humans [125]. 
In the prefrontal cortex, chronic stress in rats 
has been associated with subsequent decreased 
dopamine transmission [126]. Contributing to 
this effect may be the associated downregulation 
of prefrontal GRs [127].
Consistent with the stress literature, among 
the best supported changes in the dopamine sys-
tem in psychosis is elevated striatal dopamine 
activity, including elevated presynaptic levels, 
transmitter release and extracellular levels [128]. 
A functional MRI study documented increased 
activity and functional connectivity in a sub-
cortical network that encompasses mesolimbic 
dopamine regions in ultra high-risk patients who 
later converted to psychosis [129]. PET studies 
indicate dopamine over activity in the associa-
tive and sensorimotor striatum in both patients 
with a schizophrenia diagnosis and patients with 
attenuated psychotic symptoms considered to 
be at ultra-high risk [130,131]. In the ultra high-
risk group, striatal 18F-dopa uptake, a measure 
of dopamine activity, has been associated with 
severity of psychotic symptoms and neurocog-
nitive dysfunction [130]. Furthermore, in line 
with the effects of chronic stress, dopamine 
activity in the prefrontal cortex appears to be 
reduced in individuals with a schizophrenia 
diagnosis [132–134]. 
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Lodge and Grace suggested that aberrant 
activity in the subiculum leads to an overdrive 
of the dopamine system in the striatum and 
midbrain [135,136]. The consequence may be 
enhanced salience attribution to environmental 
stimuli, which may underlie delusional and para-
noid symptoms, as suggested by others [128,137]. 
Since activity in the subiculum is altered both in 
psychosis and following early-life stress [96], this 
dynamic seems consistent with a stress-based 
model of symptoms of psychosis.
Stress, brain alterations & cognitive dysfunction
HPA axis activation, induced by severe stress 
and stress hormone secretion, is associated with 
the dismantling of frontotemporal activity, 
including in frontal cortical and hippocampal 
regions, and with associated deficits in memory 
and executive functions [138–142]. For example, 
preclinical studies have demonstrated an associa-
tion between chronic stress, hippocampal dam-
age in regions rich in GRs and reduced adequacy 
of hippocampal-dependent cognitive functions, 
such as spatial memory [143]. Likewise, decreased 
GR expression and dopamine transmission in 
the prefrontal cortex in rats exposed to chronic 
stress are associated with working memory 
deficits [126,127].
Two lines of evidence link prior stress and 
brain alterations to cognitive deficits in indi-
viduals diagnosed with psychotic disorders [144]. 
First, stress is linked to cognitive impairments 
in patients. For example, Lysaker et al. reported 
that childhood sexual abuse was associated with 
impairment in processing speed, working mem-
ory and executive functions in psychosis [145], 
and Schenkel et al. found an association between 
childhood maltreatment and decreased scores 
on learning and visual context processing in 
individuals diagnosed with schizophrenia [146]. 
Similarly, Aas et al. reported an association for 
physical abuse, sexual abuse and physical neglect 
with reduced scores on working memory, execu-
tive functions, and verbal and performance tasks 
in a large cohort of individuals diagnosed with 
schizophrenia spectrum and bipolar disorders 
[147]. Second, the neurobiological alterations 
that are seen in both psychosis and following 
early-life stress are associated with cognitive 
dysfunction in patients. MRI studies indicate 
a correlation between volume reductions in the 
left hippocampus and deficits in episodic and 
semantic autobiographic memory in psychosis 
[148]. Volume reductions and aberrant activity 
in the frontal lobes in individuals with a schizo-
phrenia diagnosis are associated with various 
aspects of cognitive dysfunction in several stud-
ies [149–151]. Associations have also been reported 
between altered pattern of diurnal cortisol levels 
and the severity of negative symptoms in schizo-
phrenia [152]. Aas et al. reported a link between a 
blunted cortisol awakening response and worse 
performance on verbal and nonverbal memory, 
attention and processing speed in first-episode 
psychosis patients [142]. Halari et al. observed 
a relation between daytime cortisol levels and 
impaired information processing in men diag-
nosed with schizophrenia [153]. An earlier study 
reported that hippocampus-dependent memory 
is inversely associated with cortisol levels in 
individuals diagnosed with schizophrenia [154]. 
Conclusion & future perspective
In this article we suggest that three types of 
findings – animal studies, studies of childhood 
adversities and biological processes, and stud-
ies of psychosis and biological processes – pro-
vide indirect support for the traumagenic 
neurodevelopmental model and that a fourth 
type – studies of biological processes as mediators 
of the association between childhood adversities 
and psychosis – provides direct support. 
Before discussing the research and clinical 
implications of this large body of literature it 
must be noted that not all children who experi-
ence adversities or trauma will develop psycho-
sis (the majority do not) and not all adults who 
experience psychosis were abused or neglected 
as children (although multiple studies and 
reviews indicate this is the case for the major-
ity [3–15]). Some attempts to shed light on why 
one abused child develops psychosis later in life, 
while another child who suffered similar abuse 
does not have focused on genetics. However, 
recent reviews indicate that previous claims of 
a genetic predisposition to schizophrenia have 
not been substantiated [155,156], largely because 
they were based on flawed concepts and prob-
lematic methodology [156]. Furthermore, numer-
ous studies and reviews note that the relation-
ship between child abuse and psychosis remains 
after controlling for family history of psychosis 
[9–13,17]. A more productive research avenue in 
this regard requires an understanding of how 
epigenetic processes turn gene transcription on 
and off through mechanisms that are highly 
influenced by the individual’s socioenviron-
mental experiences [11]. Differential outcomes 
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for abused children, for example, are partly 
determined by psychosocial factors, including 
age of the child, frequency and duration of the 
abuse, intrafamilal versus extrafamilial, whether 
the child told somebody (and was believed), 
whether there was an effective intervention to 
render the child safe and whether the children 
blamed themselves [157], as well as by the various 
coping responses used by the child at the time 
and later [3,8,10–12,14,15,27,157].
It is also important to state that the relation-
ship between childhood adversity or trauma 
and long-term negative outcomes is not specific 
to psychosis [1,2]. Some have used this lack of 
specificity to critique the research demonstrat-
ing the relationship (see Bentall and Varese for 
a response to this line of reasoning [158]). We 
would argue, to the contrary, that this is one 
of the most important theoretical implications 
of the body of literature reviewed here, namely 
that, contrary to long-held beliefs among biolog-
ically oriented researchers and clinicians, the eti-
ology of psychosis and schizophrenia are just as 
socially based as are nonpsychotic mental health 
problems, such as anxiety and depression. Brain 
changes attributed to childhood adversities, par-
ticularly those involving the hippocampus and 
HPA axis, have also been found in other disor-
ders, including depression and post-traumatic 
stress disorder. Future research might help to 
illuminate the particular pathways that lead 
from childhood adversity to psychosis, in com-
parison with other disorders, and/or the overlap 
between these constructs. 
 Future research
The robust association between child adversity, 
altered brain functions and psychosis has several 
other research implications. Etiological research 
should include child adversity as a main measure 
or covariate, regardless of which other factors are 
studied, including other social variables, genetic 
and epigenetic factors, prenatal exposure and sub-
stance abuse. Indeed, studies focusing on other 
causal aspects may have improved chances of 
success when studying the effect of these aspects 
within the context of adverse child experiences. 
The evidence available further suggests that 
social effects in themselves should be considered 
as constituting several interacting levels, includ-
ing early-life adversity, adolescent/early adult 
adversity, factors at the socioeconomic level, and 
social and relationally protective factors, such as 
positive attachment relationships. 
Studies into biological processes should 
include measures of psychosocial adversity. This 
could be combined with a whole system-level 
approach of neurobiological alterations, in con-
trast to the often seen focus on selective com-
ponent processes. Since child trauma is docu-
mented to affect a matrix of circumscribed brain 
components in the same manner as observed 
in psychosis, the time is ripe to integrate these 
brain components in the same research endeavor. 
The system-level components should include the 
HPA axis, frontal lobes, hippocampus and dopa-
mine system. Since the brain is a dynamic system 
that may react to similar exposures by adopting 
a varied set of equilibrium states, a system level 
approach informed by trauma measures may aid 
in determining the role of the various changes in 
the same component processes that may be seen 
in psychosis. As part of this scenario, and again 
informed by trauma data, changes at multiple 
levels of brain structure and function could be 
studied simultaneously, or at least efforts should 
be made to relate these to each other, including 
volumetric changes, functional measures such as 
oscillatory neural firing patterns and connectiv-
ity, receptor changes, transmitter release, gene 
transcription rates and epigenetic remodeling.
Future research from a traumagenic neuro-
developmental perspective may help us to 
understand how specific symptoms of psychosis 
develop [159]. For example, the core of paranoia 
and persecutory delusions is an excessive estima-
tion of personal threat [160]. As the striatal dopa-
mine system plays an important role in antici-
pating aversive events, it seems likely that, at the 
neurochemical level, dopaminergic abnormalities 
underlie this excessive threat anticipation [161]. 
Integration of psychological and biological 
developmental processes, of the kind offered by 
the traumagenic neurodevelopmental model, 
may also inform research seeking to under-
stand the preponderance in males of negative 
symptoms, cognitive deficits, enlarged ventricles 
and reduced hippocampal volume [162]; the dif-
ferential psychological and biological responses 
of boys and girls to early trauma could be 
important [29,44,162,163].
 Clinical implications
As previous findings regarding the relationship 
between childhood adversity and psychosis con-
tinue to be replicated [164,165], and the mecha-
nisms underpinning that relationship are becom-
ing better understood, it would seem advisable 
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that all clients of mental health services, includ-
ing those diagnosed schizophrenic or psychotic, 
should be asked about childhood abuse, neglect, 
bullying and loss [166] to facilitate meaningful 
formulations (integrating psychological and bio-
logical processes) and comprehensive treatment 
plans [27,166]. One of the reasons this does not 
always happen is the belief that abuse disclosures 
by individuals diagnosed with psychotic disor-
ders are unreliable. Recent studies indicate this 
is not an evidence-based belief [12,13,167].
Individuals experiencing psychosis should be 
offered evidence-based psychological therapies 
designed to address the social causes of their dif-
ficulties [14,15,168] and, where appropriate, with 
a focus on regulating stress responsivity. The 
fact that the psychological sequelae to child-
hood abuse, neglect and loss have biological 
concomitants does not imply that the biological 
changes are indicative of a brain disease that has 
little or no basis in life history and that requires 
exclusively or predominantly medication. Nei-
ther does it imply that the brain changes are 
irreversible. Indeed, recent studies suggest 
that psychotherapy can enhance the ability 
of the HPA axis to respond to stress, in both 
children [169] and adults [170,171]. 
The primary prevention implications are pro-
found. A recent meta-ana lysis calculated a popu-
lation attributable risk of 33%, meaning that if 
the six types of child adversity studied were to 
disappear, a third of new psychosis cases would 
be avoided [13]. Protection and nurturance of the 
developing brain in young children would seem 
to be of paramount importance [44,163].
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